INTRODUCTION
Purified albumin was first prepared by Armstong and his co-workers (1) in 1940. It was hoped that it would provide a rational mode of therapy for the edema of hypoalbuminemia and serve as an experimental tool for the study of the formation of edema.
Numerous investigators have described its use as a diuretic in nephrosis (2) (3) (4) (5) (6) , cirrhosis of the liver (7) (8) (9) , idiopathic hypoalbuminemia (10) , and other conditions (10) . In general the results have been extremely variable despite the fact that albumin induces the same initial hemodynamic events in all patients. Goodyer, Peterson, and Relman (11) have shown that normal subjects who experience similar changes in circulatory dynamics actually have a depression of salt excretion when concentrated albumin is administered intravenously. This has been confirmed by Welt and Orloff (12) under somewhat different conditions. However, the latter were able to augment urine flow profoundly when the albumin was introduced as an approximately iso-osmotic solution.
In the past the diuresis which occurs in some patients had been ascribed to the expansion of plasma volume (10) . More recently it has been 1 Serum albumin used in this study was prepared by the American Red Cross from blood of volunteer donors. The conclusions are those of the authors and do not necessarily reflect the policy of the National Blood Program of the American Red Cross.
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suggested that the intravenous injection of albumin increases the glomerular filtration rate and that this is associated with an enhanced flow of urine (13, 14) . Gibson (14) postulates that sodium reabsorption may be interfered with by an increase in the filtration and reabsorption of protein.
With the view that the response of the kidneys is conditioned by the concentration and distribution of water and electrolytes within the body as well as local circulatory and osmotic effects, an attempt has been made to correlate shifts of water and electrolytes in the body with rate of excretion of these substances in the urine. Similarly, from observations of the sequence of events in the delivery of edema, information has been sought which might be applied to an analysis of edema in general.
By elevating the colloid osmotic pressure of the serum, intravenously injected albumin reverses the imbalance between oncotic and capillary pressures and draws interstitial fluid into the blood stream in hypoalbuminemia. The applicability of Starling's hypothesis to the explanation of the pathogenesis of some states of edema has been challenged recently (10, 14) . Our data concerning changes in circulating protein and plasma volume will be analyzed with these objections in mind.
EXPERIMENTAL MATERIAL AND PROCEDURE
The seven patients studied included three with the nephrotic syndrome and three with toxemia of pregnancy. The data on one cirrhotic will be referred to briefly. All three patients with toxemia were in the last trimester of pregnancy. Albuminuria and edema were present in all and hypertension in two. Antecedent renal disease was excluded in each instance. One of the nephrotics (S. S.) was studied on two separate occasions. The data on two normal controls will appear in detail elsewhere. All of the subjects except E. Table I . In every instance, irrespective of the magnitude of the associated diuresis, both the concentration and total amount of circulating protein rose considerably and remained elevated above the initial value throughout the entire period of study. However, only if the diuresis during the last two hours was great enough to induce a fairly rapid fall in plasma volume did the concentration of protein continue to rise after the completion of the infusion of albumin. The serum albumin changed similarly while the concentration of globulin fell in a reciprocal fashion probably as a result of the expansion of plasma volume and consequent hemodilution.
The increases in plasma volume (Table I) were quite variable. From this and other unpublished data it is clear that the magnitude of the increase in a given subject was unrelated to the dose of albumin when either 75 or 100 grams were infused (23 the smaller the increase in plasma volume and the In general, more albumin than was infused was greater the rise in concentration of albumin.
accounted for in the serum by calculation (Table  The percentage increase in plasma volume was II). The formula employed for the calculation of greatest ( Figure 1 ) in those subjects whose ini-changes in plasma volume is probably valid in tial concentration of albumin was lowest. These short-term experiments. It has been claimed that figures were obtained from unpublished studies of the use of venous blood for the determination of other patients and of normal individuals as well the hematocrit may give larger values for plasma as from the series of patients here reported.
volume than other more precise methods (24) .
This, together with the error inherent in assuming an arbitrary value for the original plasma volume, explains the high recoveries of circulating protein. However, with respect to globulin, Luetscher (2) had previously reported a similar finding and it is not inconceivable that such an increase might occur if the flow of lymph were augmented by the infusion. Despite the variability in individal results as well as the probable error in the calculations of plasma volume, the number of cubic centimeters of fluid drawn into the vascular tree by each gram of albumin averaged 20.6 cc. (Table II) . This is in fair agreement with other reports in the literature of the osmotic efficiency of albumin (25, 26) .
There was no significant change in the size of the red cells (Table I) since the amount of hemoglobin in 100 cc. of red blood cells did not change.
Effect on proteinuria. Most observers have noted uniform increases in preexisting albuminuria in nephrotics following the infusion of albumin (3, 4, 6) . Waterhouse, Bassett, and Holler (27) , induced marked albuminuria after four days of infusion in a patient who had had only occasional mild proteinuria. An increase in the excretion of protein occurred in all three of our nephrotics (Table III) . E. H., however, not only had less proteinuria on the day of the infusion of albumin than previously, but actually excreted less albumin during the two hours of the infusion than during the preceding control period. The other two patients with toxemia of pregnancy retained all of the albumin though they had had intermittent proteinuria previously. In the nephrotics the extent of the augmented proteinuria was proportional only to the concentration of albumin in the serum. This had been reported by Eder (4), although Luetscher (2) found no significant changes in clearances of albumin. There was no correlation with either salt or water excretion or with clearances of creatinine or urea.
Shifts of water and electrolytes (Table IV) . Extracellular volume as measured by chloride space contracted on the five occasions when clearcut diuresis supervened. Though intracellular shifts of water were calculated both from changes in weight and from balances of water, none of these changes were significant. However, since the rise in concentration of sodium in the extracellular water appears to be a result of the contraction of extracellular space consequent to the excretion of water in excess of sodium, water must have moved from the cells to the extracellular space to maintain osmotic equilibrium, unless there had occurred, independently and simultaneously, an increase in osmolarity within the cells.
Cellular exchanges of sodium and potassium were neither consistently in the same direction nor of great enough magnitude to permit interpretation.
Excretion of water. These data are presented in Table III and Figure 2 . There was a distinct rise in the hourly excretion of water beginning in the second hour of the infusion in all of the cases studied in this manner. Evaluation is difficult in E. H. and P. P. since their oral intake of water exceeded that of the others, while the changes in rate of water excretion in P. C. were even less than in a normal control, J. 0. L. W., another normal, excreted no more urine when given 25 per cent albumin intravenously than when given 325 cc. of water with the same amount of sodium as is present in concentrated salt-poor albumin.
Excretion of sodium and potassium. Whatever the fundamental physiological imbalance is in edematous patients an altered ability to excrete sodium is common to most of them.. Water retention generally appears to be a secondary phe- nomenon and is usually overcome if a means of decreasing tubular reabsorption of sodium is achieved. It has been mentioned above that normal individuals (Figure 3) respond to an infusion of concentrated human albumin by reducing their rate of excretion of sodium. This does not occur if 325 cc. of water containing 157 milliequivalents per liter of sodium, equivalent to the amount in 100 grams of albumin is infused. In direct contrast in all of the patients with nephrosis and one of the three with toxemia of pregnancy the rate of the excretion of salt increased when albumin was administered. In each one of the patients in whom salt excretion increased the concentration of sodium in the extracellular water first rose. In not one of either the normal controls or the three patients who had no change in salt excretion did the concentration of serum sodium rise.
There was no clear-cut consistency in the changes of potassium in these experiments. Table III and Figure 3 illustrate that perhaps there was a relative increase in the excretion of this cation when compared with the excretion of potassium by a normal control. The changes in the concentration of serum potassium were small and most often within the limits of error of the method. Gamble noted no significant changes either in the 24-hour excretion of potassium or in its concentration in the serum except in one patient 20 hours after an infusion of albumin (26) .
Clearances of endogenous creatinine and urea. The date pertaining to clearances are in Table III . Endogenous creatinine and urea clearances were measured in order not to introduce any exogenous agents which might, in themselves, alter the phenomena under investigation. Admittedly, they will not provide quantitative measurements of glomerular filtration, but they should at least reveal directional changes in this function. Since none of the subjects were catheterized changes of less than 20 per cent are probably insignificant.
Govaerts (28) has attempted to assay glomerulotubular relationships by comparing the ratio of clearances of creatinine and urea. A marked change in this ratio with little alteration in the creatinine clearance must be interpreted as an indication of variations in the back diffusion of urea. More subtle changes seem hardly interpretable. This ratio either fell or rose during the infusion of albumin in our series and returned to its initial value in all but two instances at the end of the experimental period.
Of much greater significance, in the light of the so-called "forward failure" theory of edema formation, which relates edema to a decrease in glomerular filtration, is the lack of consistency in the pattern of change of either creatinine or urea clearances. Not only was there no consistent rise in rate of clearance during the albumin infusion, but there was a fall in some and no change in others. A correlation between the excretion of salt and the clearances of creatinine and urea was attempted. In S. S. it is to be noted that although the clearances of creatinine remained unchanged the excretion of salt varied greatly, and although the clearance rate rose in E. H., there was no change in the rate of excretion of sodium. Only in P. C. does there seem to be a simultaneous increase in both creatinine clearance and excretion of salt. However, the extremely small urine volume of 39 cc. in period II greatly magnifies the possibility of error, and when, in order to obviate this, periods II and III are combined, there is a slight fall in the rate of filtration. The sequence of evenits. In those cases in which the sequence of events during the infusion of albumin was analyzed (Figure 4 ) it appeared that initially there was a profuse diuresis in which water was lost far in excess of sodium. The resultant elevation of the concentration of sodium in the extracellular fluid wsas associated wN-ith a diuresis of salt. Both normal individuals and those edematous patients who did not respond to albumin with an augmented water excretion had no changes in concentration of serum sodium and no increase in rate of excretion of sodium. P. C. illustrates what may occur if the initial output of urine, even if increased, containis a high concentration of salt. Since the urine is not hypotonic there is no elevation in serum sodium and therefore no increase in the output of salt. In all probability, since P. C.'s control urine contained more sodium than is generally founid in patients with edema, she was in the process of spontaneously delivering her edema when studied. Although in Figure  5 it appears that the diuresis of water and salt (32) has expanded this sequence in an attempt to explain other states of generalized edema. He lhas suggested that a fall in effective blood volume is the common denominator, whether induced by a reduction in colloid osmotic pressure or by an increase in venous pressure, and that this, perhaps mediated through the adrenal cortex, leads to the retention of salt, which in turn stimulates secretion of anti-diuretic hormone, thirst and ultimately retention of water and edema.
In general the experience of all of those working with albumin would tend to lend partial support to this explanation of the mechanism of the formation of edema. For certainly the first portion of the sequence outlined can be reversed wvhen colloid osmotic pressure is elevated. However, in an attempt to discard the applicability of Starling's hypothesis, much has been made of the well known observations that spontaneous diuresis in a nephrotic may occur in the absence of an elevation in the concentration of albumin.
That this is not necessarily a tenable objecttion is evident from an analysis of the above data and those of Luetscher (6) . It is obvious that changes in the concentration of albumini are inversely related to clhanges in plasma volume. If then, as Lepore (33) intimates, the primary event in a spontaneous diuresis is an increase in colloid osmotic pressure, the resultant expansion of plasma volume will mask any rise in concentration of albumin. Only if the diuresis exceeds the increase in plasma volume will the concentration of albumin rise; the total circulating albumin is undoubtedly increased.
JACX ORLOFF, LOUIS G. WELT, AND LYMAN STOWE
The dynamic or kinetic nature of colloid osmotic pressure as contrasted with its function merely as a static measurement is further illustrated by a consideration of the fact that the most hypoalbuminemic individuals had the greatest percentage increase in plasma volume. This occurred in the presence of a rise in calculated colloid osmotic pressure which was similar to that noted in the other cases studied. Again this calculated rise would have been greater had the plasma volume not expanded more in the group with the lowest initial concentration of albumin.
Scatchard, Batchelder, and Brown (25) have demonstrated that the osmotic efficiency of albumin is greater at lower concentrations. It is also conceivable that the plasma volume is lowest in the most hypoalbuminemic patients, since they may be forming edema at a faster rate. This would result in a much smaller volume of distribution of the administered albumin and a greater rise in concentration of albumin and colloid osmotic pressure. Consequently, the increase of plasma volume would exceed that of other patients.
The average number of cubic centimeters of fluid drawn into the vascular tree by each gram of albumin, or osmotic efficiency, is approximately equal in all reported studies. Despite the great variability in the results, the average value obtained in these studies was close to those previously reported. Scatchard (25) has arrived at this same figure for the osmotic efficiency of one gram of albumin by in vitro measurements. In view of the many interdependent factors involved in the establishment of osmotic pressure and the wide variations in values obtained clinically, it is remarkable that Scatchard's value can be duplicated in the body.
Since one of the prime purposes of this study was to attempt to elucidate some of the mechanisms involved in the formation of edema, it was thought that a detailed analysis of the sequence of events during the delivery of edema might add to the understanding of the problem. Peters (32) has presented reasons why the retention of salt should precede the retention of water in the production of edema. We have noted that albumin first induced a diuresis of water and that augmented excretion of sodium followed only if the concentration of sodium rose in the serum. This, then, is a reversal of the sequence referred to above. It in no way, as Peters (34) suggests, invalidates the basic premise that sodium chloride is of primary importance in edema formation. On the contrary, it appears logical to think that the delivery of edema might represent a mirror image of its production. Rytand (35) reports a similar sequence in the spontaneous diuresis of a nephrotic while Hall (36) mentions increases in concentration of serum sodium in one of his papers.
The primary diuretic action of concentrated albumin is therefore to promote a diuresis of water. Only if water is excreted sufficiently in excess of salt to elevate the concentration of sodium in the extracellular compartment is there an increased excretion of sodium.
It is not at all clear how albumin induces a diuresis of water. Nor is it clear why some edematous patients, even when hypoalbuminemic, do not respond with an enhancement of water excretion when albumin is administered. Armstrong's (10) suggestion that a sustained increase in plasma volume stimulates diuresis is not always true, since normal individuals and some patients with similar increases in plasma volume do not have augmented rates of excretion of water.
In their experiments on normals, Welt and Orloff (12, 23) suggest that contraction of interstitial fluid below normal may be a conditioning factor in preventing water diuresis in nonedematous subjects. They postulate, alternatively, that an equilibrium may exist between elevations in colloid osmotic pressure tending to simulate dehydration and thereby initiating retention of water, and increase in plasma volume acting in an opposing fashion. What the role of colloids alone is in eliciting the excretion of anti-diuretic hormone is not yet understood. It would seem that some such interplay between the action of the antidiuretic hormone, the expansion of plasma volume and the contraction of the volume of interstitial fluid, may condition the response of the kidneys to the administration of albumin.
In recent years numerous investigators have attached considerable significance to the effect of changes in the rate of glomerular filtration on the excretion of electrolytes, notably sodium. It has even been suggested that the increase in the rate of glomerular filtration in nephrotics, which some have noted following the administration of albu-min, is the cause of the augmentation of sodium excretion (13) . Since edematous nephrotics occasionally have greater than normal clearances of inulin, it is difficult to see how a further increase in filtration can induce an increased excretion of sodium. It is much more reasonable to assume, as Briggs (37) and others have done with respect to congestive heart failure, that the reabsorption of sodium by the tubules is the prime factor in the retention of salt in all generalized states of edema. In our experiments the clearance of creatinine did not increase necessarily when albumin was injected.
Peters (34) has stated that the excretion of sodium is related directly to its concentration in the serum water in adequately hydrated individuals. Under these conditions hypertonic saline not only inhibits anti-diuretic hormone and causes a diuresis of water but it also increases the excretion of salt. Perhaps a similar mechanism exists in the patients with nephrosis and toxemia of pregnancy reported here since, when the concentration of sodium in the extracellular water rises in these edematous individuals, who are presumably well hydrated with respect to their interstitial space, there occurs an inhibition of the reabsorption of sodium. Green and Farah (38) have suggested that cellular dehydration may be the stimulus to salt excretion in dogs infused with sodium chloride solutions. This also has been hypothesized in man by Seldin and Tarail (39) . Whatever the basic mechanism may be, it is clear that salt excretion was increased in the present studies only when an elevated concentration of sodium in the serum might have withdrawn water from cells.
SUMMARY AND CONCLUSIONS 1. The administration of concentrated saltpoor albumin resulted in a diuresis of both water and salt in three patients with the nephrotic syndrome and in one patient with a toxemia of pregnancy.
2. The changes in concentration of albumin in the serum were inversely related to the increase in plasma volume.
3. The osmotic efficiency of albumin was greater in the patients with the lowest initial concentrations of albumin in the serum.
4. There were no significant shifts of electrolytes within the body, despite changes in the volume of extracellular fluids when albumin was injected.
5. Glomerular filtration rate as measured by the clearance of endogenous creatinine did not change consistently.
6. Albumin first induced a diuresis of water. Only if this resulted in an increase in the concentration of serum sodium was salt excretion augmented.
7. Edema in nephrosis and in some patients with toxemia of pregnancy is related to both a decrease in colloid osmotic pressure and to increased tubular reabsorption of salt and water.
